Background: Hepatitis C virus (HCV) infection and alcohol use disorder (AUD) both adversely affect the immune system resulting in alterations in immune cell signaling and inflammatory processes. The aim of this study was to investigate how comorbid AUD contributes to abnormalities in inflammatory mediators and psychiatric impairments in adults with HCV.
A LCOHOL USE DISORDERS (AUDs) are almost 3 times more prevalent in Veterans with chronic hepatitis C virus (HCV) infection compared to those without HCV (Butt et al., 2007) , and the prevalence of chronic HCV infection among individuals with AUD ranges from 2.1% to over 50% (in non-Veteran and Veteran populations) (Novo-Veleiro et al., 2013) . Infection with HCV and the presence of an AUD are both associated with neuropathogenic effects as well as impairments in mood and cognition, but the mechanisms by which comorbid HCV infection and AUD exert adverse effects on brain function remain unknown. Depression and cognitive dysfunction are common in patients with chronic HCV infection and comorbid substance use disorders, including those who have mild liver disease (Huckans et al., 2009; Kramer et al., 2002; Loftis et al., 2008; Monaco et al., 2015; Nelligan et al., 2008; Thames et al., 2015) . In HCV infection, elevated circulating inflammatory cytokines may influence brain function (reviewed in Mathew et al., 2016) , and dysregulated expression of peripheral immune factors has been suggested to play a key role in the adverse neuropsychiatric sequelae associated with HCV (Huckans et al., 2014; Pawlowski et al., 2014) . Reports of HCV infection of the central nervous system (CNS) (Fletcher et al., 2012; Forton et al., 2004; Letendre et al., 2007; Radkowski et al., 2002; Vargas et al., 2002; Wilkinson et al., 2009) speculate that HCV neuroinvasion may also contribute to CNS inflammation and neuropsychiatric symptoms (e.g., Forton et al., 2001 Forton et al., , 2002 Heeren et al., 2011) . However, to date, the scientific literature does not provide a clear indication that HCV replicates in brain cells (Liu et al., 2014) , and it is important to differentiate between the effects of common comorbidities, such as AUDs from the effects of HCV (Silverstein et al., 2014) .
Like HCV infection, chronic alcohol use induces inflammatory responses that contribute to its adverse CNS and neuropsychiatric effects. A growing body of research suggests that neuroinflammation is evident in the brains of adults with a history of excessive alcohol use (as compared to controls without a history of heavy alcohol consumption) and is associated with increased activation of microglia and elevated expression of central and peripheral inflammatory factors (Achur et al., 2010; He and Crews, 2008) . Animal studies also show that alcohol induces gliosis, and specifically, activation of immune receptors that stimulate microglia and the induction of pro-inflammatory factors (e.g., interleukin [IL]-1b and IL-18 signaling pathways) that putatively contribute to alcohol-induced blood-brain barrier (BBB) permeability . Although the introduction of direct-acting antiviral medications has revolutionized the treatment of HCV, with current regimens showing 90 to 95% sustained viral response (SVR) rates (Fitz, 2016; Kohli et al., 2014) , a large retrospective study conducted in the VA healthcare system found that individuals with unhealthy levels of alcohol use (defined by an Alcohol Use Disorders Identification Test-Consumption [AUDIT-C] score of 4 to 12 for men and 3 to 12 for women) may be somewhat less likely to achieve SVR following antiviral therapy (Tsui et al., 2016) . The aim of this study was to investigate how comorbid AUD contributes to abnormalities in inflammatory mediators and psychiatric impairments in Veterans with HCV. Answering questions about the effects of a comorbid AUD is especially relevant to the VA, not only because of their leadership role in HCV treatment but also because of the high prevalence of AUD and associated mental health disorders in Veterans. A recent, large sample-sized, retrospective study analyzed data from the National Health and Resilience in Veterans Study (3,157 U.S. Veterans aged 21 years and older) and found that the prevalence of lifetime AUD was 42.2% (Fuehrlein et al., 2016) . Further, compared with Veterans without AUD, those with lifetime AUD had higher rates of lifetime and current mood and anxiety disorders, drug use disorder, lifetime suicide attempt, and current suicidal ideation (Fuehrlein et al., 2016) .
MATERIALS AND METHODS

Participants and Procedures
Veterans with HCV (n = 55) were recruited from VA Portland, Long Beach, San Diego, and Minneapolis Health Care Systems. Participants with and without active AUDs were evaluated at 3 time points to assess changes in alcohol use and inflammatory factors over a 12-week period. The group with AUD included a subset of participants (placebo only) from a larger clinical trial, described previously (Hauser et al., 2017) . In addition to the placebo treatment, participants were provided brief behavioral compliance enhancement treatment, which is a standardized 15-minute psychosocial intervention that emphasizes medication adherence as a crucial element to change alcohol use behavior (Johnson et al., 2003) . General exclusion criteria for participants with and without AUD included the following: (i) dependence on cocaine, methamphetamine, or opioids within the past 6 months; (ii) any known preexisting medical conditions that could interfere with participation in the protocol, such as CNS trauma, known cognitive impairment, and acute psychiatric instability; and (iii) use of the following medications: ondansetron, disulfiram, topiramate, naltrexone, acamprosate, buprenorphine, or methadone. Further, participants without AUD also had no history of AUD or heavy drinking in the past 10+ years (as defined by > 7 drinks in a week, or 1 heavy drinking day in a week, consisting of >5 drinks for men, >4 for women). A standard drink was defined as 14 g of pure alcohol, equivalent to 12 ounces of beer, 5 ounces of wine, or 1.5 ounces of 80 proof alcohol. The research was carried out in accordance with The Code of Ethics of the World Medical Association (Declaration of Helsinki) and approved by the Institutional Review Boards at the VA Portland, Long Beach, San Diego, and Minneapolis Health Care Systems. Research participants gave informed consent after the procedures of the study were explained in full.
Following the informed consent process, participants completed a breathalyzer test and initial assessment instruments, which included the Structured Clinical Interview for Diagnostic and Statistical Manual of Mental Disorders, 4th edition (DSM-IV) (SCID), AUDIT-C, Timeline Followback (TLFB), Beck Depression Inventory, Second Edition (BDI-II), and the Posttraumatic Stress Disorder (PTSD)-Civilian Version (PCL-C). Participants also provided blood samples for the biomarker assessments. Follow-up visits occurred at weeks 4 and 12, which involved administration of a breathalyzer test, completion of the TLFB, BDI-II, and PCL-C instruments, and collection of blood samples.
Alcohol and Psychiatric Symptom Assessments
Structured Clinical Interview for DSM-IV. The SCID is a semistructured psychiatric interview based on DSM-IV criteria (First, 2005) and was administered during the initial, baseline assessment. The SCID assesses both current and lifetime diagnoses and was used to identify substance dependence and abuse disorders and to determine study eligibility.
Alcohol Use Disorders Identification Test-C. The AUDIT-C is a 3-item alcohol screening tool that is scored on a scale of 0 to 12. In men, a score of 4 or more is considered positive for hazardous drinking or active AUD. In women, a score of 3 or more is considered positive. Participants were administered the AUDIT-C as an initial screen for study entry. This is a modification of a standard clinical tool used to assess quantity and frequency of alcohol use (Bush et al., 1998) .
Alcohol TLFB. Alcohol use was assessed using the TLFB. The TLFB is a self-report measure of daily alcohol use collected in a calendar format and asks that participants retrospectively estimate their alcohol use (Sobell and Sobell, 1992; Sobell et al., 1996) . The TLFB was administered at baseline (30-day followback) and during follow-up visits at week 4 (2-week followback) and week 12 (2-week followback).
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Beck Depression Inventory, Second Edition. The BDI-II is a brief 21-item self-report instrument that was used to assess depressive symptomatology at baseline, week 4, and week 12. A total score of 0 to 13 is considered within the minimal range, 14 to 19 is mild, 20 to 28 is moderate, and 29 to 63 is severe (Beck et al., 1996) . PTSD Checklist-Civilian Version. The PCL-C is a 17-item selfreport instrument that was used to assess PTSD symptoms. The PCL-C was administered at baseline and follow-up visits (weeks 4 and 12). A total score of 0 to 49 is considered not indicative of severe symptoms of PTSD, 50 to 85 is considered indicative of symptoms of PTSD. The PCL-C has good validity and reliability in various medical and psychiatric populations (Norris and Hamblen, 2004) . The PCL-C is used in VA medical centers to measure the level of symptom severity for Veterans and covers any stressful experience from the past.
Biomarker Assessments
Human plasma samples were analyzed in duplicate using a multiplex bead-based immunoassay (AssayGate, Inc. To investigate the effects of AUD on BBB integrity, we measured S100 calcium-binding protein B (S100B) in plasma samples using enzyme-linked immunosorbent assays following a protocol adapted from Leite and colleagues (2008) , similar to published methods (Loftis et al., 2013) . Monoclonal anti-S100B (1:1,000; Sigma-Aldrich, St. Louis, MO) and polyclonal anti-S100B (1:5,000; Agilent, Santa Clara, CA) were used for the capture and detection antibodies, respectively. Microplates were read at 450 nm on a Benchmark Plus Spectrophotometer System (Bio-Rad, Hercules, CA). Liver enzyme and viral load assessments were conducted by VA Pathology and Laboratory Services per standard operating procedures.
Statistical Analysis
Data were analyzed using Prism 6.05 (GraphPad Software, Inc., La Jolla, CA) and IBM SPSS Statistics (IBM Corporation, Armonk, NY). A Student's t-test was used to compare baseline AUDIT-C scores. Repeated measures analyses of variance (ANOVAs) were used to compare psychiatric measures, inflammatory factors, and viremia between groups and across time, and Holm-Sidak's multiple comparisons tests were used for post hoc comparisons, when appropriate. Spearman's rank correlations were used to evaluate the strength of the relationships between TLFB scores and psychiatric symptom severities, liver enzymes, and viral load. Receiver operating characteristic (ROC) analysis explored immune factor cutoff values and their sensitivities and specificities to discriminate between low risk and unhealthy levels of alcohol consumption. Post hoc t-tests were conducted as follow-up to ROC analyses to compare groups with high and low levels of IL-8 and S100B. Within the AUD group, t-tests were also used to evaluate the effects of abstinence on immune factors. See table footnotes and figure legends for additional details regarding the statistical tests used for the specific comparisons of interest. Statistical significance was maintained at p < 0.05.
RESULTS
Physical and Mental Health Characteristics in Veterans with HCV
Demographically matched groups of Veterans with HCV and comorbid AUDs (n = 42; mean age [SD] = 59 [5.55]) and those with HCV and no AUDs or history of heavy alcohol drinking in the past 10+ years (n = 13; mean age [SD] = 60 [4.62]) were compared on physical and mental health factors relevant to HCV and addiction recovery outcomes. Comorbid AUD was associated with elevated liver enzymes and increased symptoms of depression and PTSD (Table 1) . Levels of alanine aminotransferase (ALT) and aspartate aminotransferase (AST) were higher in the group of participants with AUD, as compared to the group without AUD (p = 0.03 and p = 0.01, respectively); however, statistically significant between-group differences in HCV viral load were not found. Further, liver enzymes and HCV viremia did not show any significant effects of time. Within the total sample, correlations between TLFB scores and liver enzymes detected a positive association with AST (r = 0.30, p = 0.04) at baseline and a trending association at week 12 (r = 0.31, p = 0.056). There were no significant correlations between TLFB scores and ALT levels or TLFB and HCV viremia (Table S1 ). Among those participants with an AUD, selfreported alcohol consumption (as measured using the TLFB) decreased during the 12-week period (p < 0.0001, Table 1 ), and 9 participants in the AUD reported obtaining abstinence from alcohol by week 4. Alcohol use was positively correlated with the severity of depressive and PTSD symptoms (Fig. 1) .
Circulating Cytokines, Chemokines, and Other Immune Factors in Veterans with HCV Comorbid AUD was associated with altered expression of inflammatory factors in plasma. Two-way ANOVA (group 1 For TLFB data analysis, 2-week segments were used for all time points. 9 time) identified significant group differences in IL-8, F(1, 47) = 7.96, p = 0.006; IL-10, F(1, 47) = 4.33, p = 0.03; and S100B, F(1, 134) = 3.97, p = 0.048 (Table 2) . Participants with HCV and comorbid AUD had increased expression of all 3 factors, which persisted over time despite reductions in self-reported alcohol consumption and no significant change in HCV viral load (Table 1) . When participants who obtained abstinence by week 4 were compared to those who reported ongoing alcohol use, no significant differences in IL-8, IL-10, or S100B were found (Table S2) . Statistically significant effects of group or time were not found for the other immune factors assessed; however, the mean levels of CRP, IL-1RA, and IL-6 were higher in the group with comorbid AUD, as compared with the group without AUD, across all time points (Table 2) .
Alcohol Consumption and Immune Factor Levels: Post Hoc Exploratory Analyses
To begin to investigate the potential clinical relevance of increased IL-8, IL-10, and S100B in patients with HCV and AUD, we evaluated the ability of these biomarkers to differentiate between levels of alcohol consumption (i.e., low risk vs. unhealthy alcohol drinking ["at-risk" and "heavy"]), as Variations in sample size were due to unavailable data points; participants without baseline blood samples were excluded from liver enzyme and viremia analyses. Table 1 were obtained from a t-test (AUDIT-C), 1-way ANOVA (TLFB; within the AUD+ group only), or 2-way ANOVAs (ALT, AST, and HCV viremia: 2 groups 9 2 time points; BDI-II and PCL-C: 2 groups 9 3 time points). Unless otherwise indicated, p-values are listed in the following order: group, time, interaction; statistically significant p-values are bolded. Holm-Sidak's multiple comparison tests were used to follow-up on ANOVAs that detected significant differences. Adjusted p-values from statistically significant post hoc tests were as follows: (i) TLFB, baseline versus week 4, p < 0.0001; baseline versus week 12, p < 0.0001; week 4 versus week 12, p = 0.009. (ii) BDI-II, AUD+ versus AUDÀ at baseline, p = 0.02. Post hoc comparisons for ALT, AST, and PCL-C were not statistically significant. For the physical and mental health variables, mean values (SD) are shown. AUD, alcohol use disorder; AUD+, study group with AUD; AUDÀ, study group without AUD; AUDIT-C, Alcohol Use Disorders Identification Test; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BDI-II, Beck Depression Inventory-II; PCL-C, PTSD Check List-Civilian Version; TLFB, Timeline Followback. determined by the reference standard TLFB. We used the NIAAA definition of "at-risk" drinking for men (NIAAA, 2007) , but placed it in the context of a 2-week period: >14 drinks per week on average. We defined "heavy" drinking as ≥ 5 drinks per day in past 14 days-amounts at which physiologic and/or organ damage become more likely (Conigrave et al., 2002; White et al., 2002) . Baseline levels of IL-8, IL-10, and S100B were selected for ROC analysis to identify the immune factors' cutoff values and their sensitivities and specificities to discriminate unhealthy amounts of alcohol consumption. Values with the highest sum of the sensitivity and specificity were reported as the best cutoff values. The sensitivities and specificities of the biomarker cutoff values to identify low risk and unhealthy alcohol use groups appear in Table 3 . An overall indication of the diagnostic accuracy of a ROC curve is the area under the curve (AUC). The ROC curves with calculated AUC (AE 95% CI, with p-values) for IL-8 and S100B are shown in Fig. 2A . The AUC for the anti-inflammatory cytokine, IL-10, was 0.54 (0.38 to 0.69; p = 0.66) and is not shown on the graph. Follow-up analyses indicated that participants with circulating S100B concentrations greater than 12.0 pg/ml reported consuming more alcohol (measured by TLFB scores), as compared to participants with S100B concentrations less than 12.0 pg/ml (Fig. 2B) . Alcohol consumption was not significantly different between participants with "low" and "high" IL-8 concentrations (i.e., less than or greater than 14.96 pg/ml, respectively) (Fig. 2C ).
DISCUSSION
In this study, we investigated the impact of comorbid AUD on inflammatory mediators and psychiatric symptom severities in adults with HCV. Our results expand on previous reports regarding the psychiatric effects of HCV and AUD (Carta et al., 2012; Huckans et al., 2014; Petrakis et al., 2002) and demonstrate increased symptoms of depression and anxiety in adults with HCV and comorbid AUD, relative to those with HCV and no history of alcohol abuse. Further, we found that the amount of alcohol consumption was positively associated with AST levels (as has been shown previously; Gough et al., 2015) , as well as with the severity of psychiatric symptoms (Fig. 1) . The pathological interactions between alcohol and HCV, which contribute, in part, to these adverse mental health effects involve shared immunological consequences-most notably the modulation of cytokine production (reviewed in Montesinos et al., 2016; Szabo et al., 2010) .
Research is converging on specific inflammatory signaling pathways and the role of peripheral and central immune factors in CNS impairment accompanying HCV and AUD, such as interferon-alpha (IFN-a) (Ganesan et al., 2016; Huckans et al., 2015) , IL-8 (French et al., 2017; GonzalezQuintela et al., 1999; Huckans et al., 2014; Leclercq et al., 2014; Maes et al., 1998; Vivithanaporn et al., 2010; Wilkinson et al., 2010) , and IL-10 ( Armah et al., 2013; GonzalezQuintela et al., 1999; Huckans et al., 2014; Song et al., Variations in sample size were due to unavailable data points; participants without baseline blood samples were excluded from immune factor analyses. b p-Values reported in Table 2 were obtained from 2-way ANOVAs (2 groups 9 3 time points) and are listed in the following order: group, time, interaction. Statistically significant ANOVA p-values are bolded. c Holm-Sidak's multiple comparison tests were used to follow-up on ANOVAs that detected significant differences. The adjusted p-value for the significant post hoc test was as follows: IL-8, AUD+ versus AUDÀ at week 4, p = 0.04. Post hoc comparisons for IL-10 and S100B were not statistically significant. For the immune factors, mean values (SD) are shown. AUD, alcohol use disorder; AUD+, study group with AUD; AUDÀ, study group without AUD; CRP, C-reactive protein; IL, interleukin; MCP-1, monocyte chemoattractant protein-1; S100B, S100 calcium-binding protein B; TNF-a, tumor necrosis factor-alpha. 1998). Consistent with this body of evidence, in the current study, we identified significant group differences in IL-8 and IL-10, with increased plasma concentrations in participants with AUD. Research in adults with HCV shows IL-8 and IL-10 levels comparable to those observed in our participants with HCV and no AUD (e.g., Rahman et al., 2011) , but studies that compare groups of participants with and without HCV and comorbid AUD are needed to determine the individual and combined effects of the illnesses on cytokine levels. IL-8 (a.k.a. C-X-C motif ligand 8) is a chemokine produced by macrophages and other cell types, and although neutrophils are the primary target cells of IL-8, there are a wide range of cells (including endothelial cells) that respond to this chemokine. Inducible IL-8 functions as a chemoattractant which attracts and activates immune cells in inflammatory regions. Secretion of IL-8 is increased under conditions of oxidant stress (e.g., TNF-a-induced reactive oxygen species; Vlahopoulos et al., 1999) , which can occur with alcohol abuse and HCV infection (Gonzalez-Reimers et al., 2014; Medvedev et al., 2017) . In addition to inflammatory signals, IL-8 production is also regulated by IL-10 (M endez-Samperio et al., 2002). IL-10 (a.k.a. human cytokine synthesis inhibitory factor) is produced by many different cell types and is considered one of the most important cytokines with anti-inflammatory properties (Couper et al., 2008; Mingomataj and Bakiri, 2016) . In adults with HCV and comorbid AUD, increased concentrations of IL-8 were accompanied by elevated IL-10 plasma levels ( Table 1 ). The anti-inflammatory and modulatory actions of IL-10 (e.g., inhibiting the production of proinflammatory cytokines) appear to target the transcription factor nuclear factor-jB (NF-jB) pathway (Bhattacharyya et al., 2004) , an inflammatory signaling pathway induced by alcohol and associated with addiction-related behavior (Nennig and Schank, 2017) . In contrast to some reports (Heberlein et al., 2014), we did not detect statistically significant group differences in the expression of other inflammatory cytokines produced via NF-jB activation, such as IL-6; however, we did find that mean levels of IL-6, as well as IL-1RA and CRP, were higher in the group with comorbid AUD, as compared with the group without AUD. Thus, cytokine balance alterations likely contribute to the systemic and neurological manifestations of alcohol abuse.
Alcohol, HCV, and inflammatory cytokines are involved in BBB disruption (Miner and Diamond, 2016; Rubio-Araiz et al., 2017; Silverstein et al., 2014) . We found that participants with HCV and comorbid AUD had increased levels of S100B, relative to those without AUD. Elevated S100B levels in biological fluids (i.e., cerebrospinal fluid, blood, urine, saliva, amniotic fluid) have been associated with a range of neuropathological conditions, such as acute brain injury, neurodegenerative disorders, and psychiatric disorders (reviewed in Michetti et al., 2012) . In the CNS, S100B is primarily concentrated in glial cells, although it has also been detected in other cell types. Preclinical studies indicate that S100B protein levels are increased in the cerebrospinal fluid of rats exposed to alcohol, which are accompanied by alterations in astrocyte expression (as measured using glial fibrillary acid protein immunodetection) (Brolese et al., 2014) . Extracellular S100B signals through interaction with the Receptor for Advanced Glycation End Product (RAGE) (Hofmann et al., 1999; reviewed in Michetti et al., 2012) . Fig. 2 . Exploratory receiver operating characteristic (ROC) curve analysis of immune factors for differentiating unhealthy alcohol use in the context of HCV. ROC curves of plasma IL-8 and S100B levels to differentiate low risk from unhealthy amounts of alcohol consumption (based on the reference standard TLFB and NIAAA guidelines) are shown (A). Follow-up ttests indicated that participants with S100B concentrations greater than 12.0 pg/ml (Table 3 ) (S100B high group) had significantly higher TLFB scores at baseline and week 4, as compared to participants with S100B concentrations less than 12.0 pg/ml (S100B low group) (B). There were no significant between-group differences in alcohol consumption at week 12 (p = 0.74) (B). TLFB scores were not statistically different between participants with IL-8 concentrations less than (IL-8 low group) or greater than (IL-8 high group) 14.96 pg/ml (Table 3) . p-Values were greater than 0.05 for all between-group comparisons (baseline, p = 0.29; week 4, p = 0.75; week 12, p = 0.63) (C). AUC, area under the curve; IL, interleukin; TLFB, Timeline Followback; NIAAA, National Institute on Alcohol Abuse and Alcoholism.
Although not the only receptor for S100B (e.g., see Riuzzi et al., 2011) , S100B induced activation of RAGE triggers the generation of pro-inflammatory factors and contributes to neuroinflammation (Han et al., 2011; Michetti et al., 2012) . Like S100B (Brin et al., 2011) , RAGE is increased following a history of alcohol abuse. Up-regulation of RAGE is evident in postmortem frontal cortices from humans with alcohol dependence, relative to controls with moderate alcohol consumption (Vetreno et al., 2013) . It is yet to be determined whether increased levels of S100B are the result of leakage from injured cells and/or increased production as a result of pathological conditions.
In clinical studies of AUD and recovery, peripheral S100B levels are influenced by the amount of alcohol consumption and duration of remission. For instance, in a study of 20 adults with a history of alcohol abuse/dependence receiving inpatient treatment for alcohol detoxification, S100B levels were decreased in 10 patients with moderate alcohol consumption, but increased in 10 patients with high alcohol consumption. The levels of S100B were also positively correlated with AST levels upon admission as well as with alcohol consumption over the last year (Liappas et al., 2006) . More recently, in a study of 115 adults with alcohol dependence admitted to a psychiatric hospital for alcohol detoxification, inflammatory factors (e.g., S100B, TNF-a, IL-1b, IL-8, IL-6, MCP-1) were assessed during the first 48 hours of withdrawal and at 1, 2, 4, and 6 months after. The levels of TNFa, IL-1b, IL-8, IL-6, and MCP-1 decreased after withdrawal and remained low at 6 months postdetoxification; however, serum S100B concentrations were significantly increased at 1 month, and then decreased, regardless of abstinence status, at 6 months (Girard et al., 2017) . Our findings in participants with HCV and comorbid AUD indicate that inflammatory factors, such as IL-8 and S100B, may take longer to recover following reductions in alcohol use. When we compared cytokine and S100B concentrations from adults who obtained abstinence by week 4 to those with ongoing alcohol use, there were no statistically significant differences between the groups (Table S2 ), suggesting that the presence of a chronic viral infection may contribute to perpetuating inflammatory processes.
A few studies have also investigated the effects of HCV infection on S100B levels. In patients with viral hepatitis (HCV and HBV), S100B levels were significantly reduced following 2 weeks of IFN-a based antiviral therapy, as compared to baseline. Further, after 2 weeks of IFN-a therapy, S100B concentrations were higher in the individuals with increased symptoms of depression, but the difference was not statistically significant (Cicek et al., 2014) . One recent study found decreased S100B mRNA in liver specimens in patients with HCV, relative to controls (Baik et al., 2017) , suggesting that the liver is not likely the source of increased circulating S100B levels in individuals with HCV. In vitro, S100B has been shown to facilitate viral neuroinvasion, and similarly, inactivated viral particles (i.e., West Nile virus, a singlestranded RNA virus in the Flaviviridae family of viruses, as is HCV) can induce S100B expression (Kuwar et al., 2015) . To our knowledge, our study is the first to examine the role of S100B in HCV and comorbid AUD.
A number of biomarkers are affected by unhealthy alcohol consumption (e.g., liver enzymes, lipids, and cytokines) and have been evaluated for their sensitivity and specificity as screening and diagnostic indices. For example, IL-8 has been included as a factor (pro-fibrogenic marker) to predict the development of liver fibrosis in HIV-HCV coinfection (Moqueet et al., 2017) . Another study found that IL-8 (as well as IL-1b) was positively correlated with alcohol consumption and alcohol-craving scores (Leclercq et al., 2014) . We conducted exploratory ROC curve analyses to assess the ability of IL-8, IL-10, and S100B (i.e., factors that were significantly increased in participants with AUD, as compared to those without AUD) to differentiate between levels of alcohol consumption and to identify biomarker cutoff values that could potentially be used to identify unhealthy alcohol use. Participants with higher circulating S100B concentrations (>12.0 pg/ml) reported consuming more alcohol, as compared to participants with S100B concentrations less than 12.0 pg/ml. Alcohol consumption was not significantly different between participants with "low" and "high" IL-8 concentrations. Given the sensitivity (81%) and specificity (59%) of IL-8 to differentiate between the alcohol groups (Table 3) , it may be that IL-8 would be better utilized in a composite measure that includes additional, concurrently elevated inflammatory factors (e.g., Armah et al., 2013) .
Strengths and Limitations
This longitudinal study was strengthened by the use of stringent inclusionary criteria for the group without AUD (AUDÀ group), excluding participants with a history of heavy drinking in the past 10+ years (>7 drinks in a week, or 1 heavy drinking day consisting of >5 drinks for men, >4 for women). A limitation of this study is that the results included only male Veterans, as AUD (a heterogeneous disorder) has different effects on inflammatory processes in women, including liver enzyme expression, fatty acid levels, and other factors (Vatsalya et al., 2016; Wilhelm et al., 2017) . However, there are not thought to be sex differences in the expression of S100B, in healthy control participants or in patients under the influence of alcohol (Brin et al., 2011 ). An additional limitation is that this study did not include comparative groups of participants (i.e., with AUD and no HCV or without either illness).
CONCLUSIONS
In summary, these cross-sectional data show that HCV and comorbid AUD is associated with altered expression of plasma immune factors and proteins suggestive of BBB damage. Higher levels of S100B may be indicative of CNS injury in individuals with HCV and AUD. Our initial findings suggest a predictive value of S100B and its inflammatory signaling effects in the neuropathological consequences of comorbid HCV and AUD; however, follow-up mechanistic studies are necessary to corroborate these observations. The recent introduction of direct-acting antiviral therapies has revolutionized the treatment of HCV, with viral clearance rates of 90% and higher. Although a history of alcohol abuse may not significantly impact peripheral viral clearance, as indicated by SVR (Belperio et al., 2017; Tsui et al., 2016) , it is unknown whether heavy alcohol consumption contributes to HCV-related brain pathology following direct-acting antiviral therapy. The potential for pathology to persist following antiviral therapy is suggested by the inflammatory profile and psychiatric and neurological symptoms reported in patients attaining an SVR following IFN-a based therapies (Huckans et al., 2015; Kuhn et al., 2017) ; however, research is needed to assess the impact of HCV and comorbid AUD on CNS function following direct-acting antiviral (Mathew et al., 2016) .
SUPPORTING INFORMATION
Additional supporting information may be found online in the Supporting Information section at the end of the article. Table S1 . Correlations between alcohol consumption (TLFB scores) and liver health variables at baseline and week 12. Table S2 . IL-8, IL-10, and S100B concentrations in adults with HCV and co morbid AUD.
